a disaster, with the post-doc cliff looming before the lemmings that are long-term post-doctoral researchers. On occasion, brave attempts have been made to increase the number of fellowships available, but at the fi rst sight of hard times, they are the fi rst to go -closely followed by universities' willingness to give fellows jobs once their contracts are over. A second problem is the insistence of governments, seemingly world-wide, that business must be involved in all aspects of research. Certainly it is good to know that research is refl ecting the priorities of industry, but it is a mystery to all concerned (including many in industry) why so many recent research initiatives require companies to be so centrally involved; some even require industry to lead applications.
My other concern is the messy battleground of scientifi c publication, with the new generation of openaccess journals, goaded on by major funders, locked in a seemingly eternal struggle against the old guard of subscription journals. Hopefully, some sort of equilibrium will eventually be achieved, and it's encouraging that most universities/institutes are now fi nding ways around the publication charge problem. Of course, beneath all this lurks the Voldemort Number (a.k.a. Impact Factor), the effect of which is always denied, but which continues to drive everyone's publishing agenda. The system seems to be very much stacked against those researchers not in large well-funded labs or from developing countries, and that's why I have become involved with a publishing charity whose aim is to tackle some of these problems.
What are you doing now? I am now retired and lucky to be a guest in the Department, where I help with teaching and providing some technical backup. I also have a corner of a lab where I am working down a list of all those 'Friday afternoon' experiments that never got done. However, having been back and struggling at the bench for a year or two, I feel I now should write to all my past postdocs apologising for my unreasonable expectations...
Bogong moths

Stanley Heinze* and Eric Warrant
What is a Bogong moth? The Australian word 'bogan' refers to a mouthy, rather obnoxious Australian version of the American redneck. Except for their country of origin, the bogan and the Bogong have nothing much in common. The moth's common name is derived from the local Aboriginal word for 'mountain': the Bogong moth Agrotis infusa is therefore a mountain moth. Even though Australia is not most famous for its abundance of alpine peaks, there is a handful of snow-topped mountains in the south-east corner of the continent, close to the capital Canberra, that are optimistically referred to as the Australian Alps. Once you go there and catch a Bogong moth, you will fi nd yourself holding a rather plain, medium sized, grey-brown moth ( Figure  1 ). What then sets them apart from other medium-sized, grey-brown moths? Why are they interesting? If you ever have the chance of hiking the Australian Alps in summer, you will fi nd an ancient and beautiful mountain range. The grassy, treeless peaks, polished aeons ago by glaciers, are littered with countless granite boulders of all shapes and sizes. If you are not claustrophobic and dare to climb into one of the crevices formed by these rocky ensembles, your breath will be taken away, fi rst by the dense clouds of ultra-fi ne, silvery dust drawn to your face by swift air currents channelled through the rock chimneys, and then by the sight of the source of the dust: hundreds of thousands of Bogong moths, neatly tiling the cave walls. In fact, there are about 17,000 of them per square meter, but you will only fi nd them by chance if you are very lucky. This is because we only know of a handful of such caves, and the moths are present there only for four months during the height of the Australian summer.
Before European settlement, the Aboriginal peoples inhabiting both sides of the range were well aware of the presence of these insects, and during summers several tribes converged on the high alpine plains to feast on Bogong moths, taking the opportunity to renew Quick guide old friendships, attend to tribal business and arrange marriages. Other than having contributed to ancient human networking, the moths are also a major component of the alpine food web, being an extremely important food source for several alpine vertebrates, including the critically endangered mountain pygmy possum Burramys parvus.
So how do the Bogongs get to these caves? And why? And where are they during the remaining part of the year? This is what makes these insects so remarkable and interesting: it turns out that the Bogong moth is a longdistance migrant. Each spring billions of them leave the heat of their breeding grounds in southern Queensland and north-western New South Wales to fl y more than 1000 km until they reach the Australian Alps, where they aggregate in isolated, cool mountain caves. Once there, they switch their bodies into a dormant state not unlike hibernation (in summer this dormancy is called aestivation). A few months later, with the onset of autumn, the moths return to their distant birthplaces, where they mate, lay eggs, and die. The next generation will then repeat the migratory endeavour.
All this makes the Bogong moth, in many respects, similar to the iconic North American Monarch butterfl y Danaus plexippus, except that it is a night-active species and therefore cannot use the sun for orientation. And unlike the Monarch butterfl y, where the full forward and reverse migrations are performed by several generations, individual Bogong moths perform both migrations. If you think of the Monarch butterfl y as the King of insect migration, the Bogong moth is certainly insect migration's Dark Lord.
How do they fi nd their way?
The short answer is that we don't know. But given that the Bogong moth migrates during the night, it is clear what information it cannot use: the Sun and the Sun's polarization pattern. These are major compass cues exploited by day-active migrants, such as the Monarch butterfl y, as well as by desert locusts and many birds. But at night, only nocturnal visual cues and the Earth's magnetic fi eld are available. It is well known that both types of information are used by insects for orientation. Dung beetles, for example, use the Moon and its surrounding R264 Current Biology 26, R257-R274, April 4, 2016 ©2016 Elsevier Ltd All rights reserved polarization pattern, as well as the Milky Way, for rolling balls of dung in straight lines across the African savannah, while Monarch butterfl ies have been reported to respond to magnetic fi elds when fl ying in an indoors fl ight simulator.
But perceiving all these compass cues only solves half the problem. Such information can guide moths in an appropriate direction towards the Australian Alps, but it will not provide any clue to the location of a specifi c cave a population of moths has returned to generation after generation. The Bogong moth's journey can thus be divided into a long-distance part and a fi nal travel segment that lets them locate their specifi c target site. As the two parts operate on very different spatial scales, the mechanisms employed, and the information used, are likely not identical. To fi nd their caves, Bogong moths might, for example, use their sense of smell and be attracted to the carcasses of those family members that were not fi t enough for last year's return trip.
Are all Bogong moths migratory?
Given the lengthy, diffi cult, and often lethal journey, there must be substantial selection pressure driving these animals along their migratory cycle. Nevertheless, and again similar to the Monarch butterfl y, not all populations of Bogong moths are migratory. One of the main migratory populations occupies breeding grounds in the Darling Downs region of south-eastern Queensland. This range merges with the ranges of other migratory populations that have breeding grounds extending across an arc towards the southwest, covering regions of inland New South Wales. Surprisingly, there are local, non-migratory populations at both ends of the migration route, in Queensland as well as near the alpine regions around Canberra. The ranges of these non-migrants overlap with the ranges of migrants and it remains puzzling as to how and why they exhibit such distinctly different lifestyles. Another resident non-migratory population is found isolated in Western Australia, close to the city of Perth. These different populations of Bogong moths, some with and some without overlapping distributions, some migratory and some non-migratory, provide a unique study system for investigating the ecology and physiology of migratory behaviour.
Do other moths migrate as well?
As the Bogong moth migration involves a number of habitat specialisations and specifi c climatic conditions, one might ask how relevant is understanding this behaviour, and its underlying mechanisms, for other species? As unlikely as it might seem, the migratory behaviour of Bogong moths is unusual neither for moths nor for insects in general. In fact, many European moth species migrate from northern Europe to the Mediterranean, as do several North American and East Asian species on their respective continents (including a moth with a similar behaviour to the Bogong moth, the army cutworm moth Euxoa auxiliaris, which aestivates in the Rocky Mountains of the United States). Similarly, dragonfl ies migrate across the Indian Ocean as well as between locations within Central America and Eastern Asia, and locusts form huge migrating swarms across Northern Africa and the Middle East. However the migratory movements of these species are either erratic or poorly understood. In contrast, thanks to many years of observations by scientists and amateur biologists, the migrations of the Monarch butterfl y and the Bogong moth are much better described, particularly with regards to their geographic origins and target destinations. Consequently, understanding the navigational principles employed by both species will enable us to unravel migratory mechanisms relevant for all diurnal and nocturnal migratory insects.
Is understanding the Bogong moth relevant for anything else? Bogong moths pinpoint a tiny mountain cave from over a thousand kilometres away, crossing terrain they have never crossed previously, and locating a place they have never been to before. Moreover, they do
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Bogong moth (Agrotis infusa) all this at night, fuelled by a few drops of nectar and using a brain the size of a grain of rice. Don't even ask an engineer if they could build a robot equivalent! To achieve this remarkable behaviour, the moth brain has to integrate sensory information from multiple sources and compute its current heading relative to an internal compass. It then has to compare that heading to its desired migratory direction and translate any mismatch into compensatory steering commands, while maintaining stable fl ight in very dim light while buffeted by cold turbulent winds.
Interestingly, each moth switches its desired migration heading from southwards in spring (for example, from the Darling Downs) to northwards during autumn and must use the same sensory information to drive opposite behaviours between seasons. Its simple nervous system and its fi xed, reproducible behaviour stand in stark contrast to the complexity of the problem that the Bogong moth must solve. This makes this species a promising model for one of the most fundamental processes carried out by all animal brains: the combination of sensory information with internal driving forces to produce behaviour adequate for each new situation. And because it is highly accessible to electrophysiology, neuroanatomy, and behavioural analysis, combined with easy access to thousands of individuals from a fl ourishing and stable population, the Bogong moth is an ideal model for not only understanding the neural circuits underlying migratory behaviour, but also those underpinning nocturnal vision, sensory integration, motor control, action selection and statedependent changes of behaviour. Two surgeries each were performed on nine starlings to insert a jugular vein catheter for the injection of fl uids and to attach a modifi ed version of the RatCAP mobile brain PET scanner (Supplemental information). Starlings were trained to fl y in a wind tunnel and scanned under a progression of four experimental conditions: 1) standing with simultaneous RatCAP scanning, 2) perched in an active wind tunnel, scanned after tracer uptake, 3) wind-tunnel fl apping with simultaneous scanning and 4) wind-tunnel fl ying, scanned after tracer uptake. Behavioral data were recorded during each experiment, and the duration of fl apping was measured for each bird. PET data were overlain onto diffusible iodinebased contrast-enhanced computed tomography scans of an exemplar, intact starling head and compared to a magnetic resonance imaging (MRI)-based starling brain atlas (Supplemental information). We defi ned regions of interest in each PET scan and produced time-activity data for each bird. We then statistically correlated fl apping duration with activity in each region to assess how PET data related to observed behaviors.
We identifi ed three areas of high metabolic activity in each starling. The fi rst two, the anterior Wulst and entopallium (Figure 1) , support our visualactivity hypothesis, showing increased tracer uptake (indicating higher brain activity) alongside increased fl apping (anterior Wulst: r = 0.85, p = 0.001; entopallia: r = 0.81, p = 0.003; Figure 1 ). These structures are somatosensory and visual processing centers [4] and their activation indicates coordinated functions of the visual system and fl ight apparatus. We infer these fi ndings to indicate that in birds vision dominates their in-fl ight interpretation of a rapidly approaching 3D environment. For example, birds were trained to look for a perching dowel, which serves as a visual landing cue and simulates object-obstacle searching in their environment. Notably, some of the pathways associated with the Wulst and entopallium are GABAergic, which would lead increased FDG uptake to indicate a decrease in functional output, because GABA is an inhibitory neurotransmitter [5] . However, the emphasis on visual cues and their functional necessity for avian fl ight supports increased output from these regions instead of inhibition.
Vision is acutely developed in birds [1] . Although laboratory conditions represent an artifi cial environment (e.g., visual fl ow decoupled from fl ight), similar neural pathways should be activated for visual cues in natural environments. The entopallia and Wulst represent endtargets of visual processing from the tectofugal and thalamofugal pathways, respectively [6] . Together these create a dual system for processing visual information and allow certain visual elements to be interpreted by brain regions. In addition, the anterior Wulst functions in visual and somatosensory integration [6] , allowing it to modulate activity in the entopallia via projections through the hyperstriatum ventrale [6] . Therefore, the integration of retinal visual information with wingbeat somatosensory information is likely to cause coordinated activity in the anterior Correspondence
